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Introduction
With some of the best remaining examples of oak habitats in the Willamette Valley, the Willamette Valley National Wildlife Refuge Complex (WVNWRC) has been implementing restoration efforts to reverse the successional trend towards Douglas-fir and maple that is threatening existing oak woodlands. The restoration work has been considered a model for other public and private efforts within the Willamette Valley, and has been showcased through the Oregon Oak Communities Working Group (www.oregonoaks.org). Although many oak restoration projects have been initiated over the last several years, and grant recipients typically identify wildlife species that are likely to benefit from their project, measures of success have not included the actual response of wildlife, such as a change in the probability of species occurrence or abundance. Monitoring in the WVNWRC has so far been limited to vegetative and structural changes within the plant community. Hagar and Stern (2001) identified bird species occurring in Willamette Valley oak woodlands that might be expected to benefit from such restoration efforts, including an endemic subspecies of the Whitebreasted Nuthatch (see Appendix 1 for scientific names of bird and plant species listed in this document), and the Acorn Woodpecker, both of which are species of concern in Oregon. However, empirical data documenting responses of bird assemblages to restoration actions are needed. The goal of this study was to document the effects of a restoration project in an Oregon White Oak woodland on Pigeon Butte in the W.L. Finley National Wildlife Refuge. Restoration treatments on Pigeon Butte include the removal of shade-tolerant tree species (primarily big-leaf maple and Douglas-fir) to reduce competition with oak trees and to return the stand to a more open structure. The objectives of this ongoing study are to compare abundance, survival, and productivity of diurnal songbird species before and after application of these restoration treatments. Monitoring these vital rates will provide crucial information about the effects of management on survival and productivity (DeSante and Rosenberg, 1998) . Therefore, a constant-effort mist-netting project was continued in 2007 and 2008 that had previously collected songbird demographic data at Pigeon Butte from 1998 to 2002. Point-count surveys were conducted in the woodland to build on historical data available for the site (Anderson, 1970; Hagar and Stern, 2001) . The data reported here represent 5 years of point count surveys and 6 years of banding before restoration treatment, but only one post-treatment sampling season. Continued monitoring of the bird population is recommended to determine both short-term effects and long-term trends following the habitat alterations that result from restoration treatment.
Methods

Study Site
William L. Finley National Wildlife Refuge lies at the base of the foothills of the Coast Range on the western edge of the central Willamette Valley, Oregon. Pigeon Butte is located at the highest point on the refuge, and is covered by a dense woodland dominated by Oregon White Oak. Bigleaf Maple and Douglas-fir also were common trees in the woodland. Common understory shrubs included Snowberry, Poison Oak, Hazel, Indian Plum, Trailing Blackberry, and Swordfern. The restoration was applied to approximately 4 ha in the southeastern corner of the 28-ha oak woodland on Pigeon Butte in the fall of 2007. The restoration treatment consisted of mechanical removal of maple and other non-oak trees, followed by herbicide applications to stumps, mowing, and seeding native grasses and forbes. Nets were set up at dawn and checked at least every 50 minutes for approximately 6 hours. I recorded the species, sex, and age of each bird captured using guidelines described in Pyle (1997) . All species except hummingbirds were banded with a USGS-issued metal band with a unique number. In addition, all bird species observed at the site were recorded and their activity noted according to standard protocol established by IBP (Institute for Bird Populations, 2001 ). I used this information to determine the breeding status of all birds observed. All capture data and breeding bird species lists were submitted to the IBP to contribute to their regional and continent-wide bird population monitoring programs.
MAPS Banding and Breeding Status Determination
To evaluate trends in capture rates of birds across years, I calculated the number of individuals captured for each species in each season by summing the number of unique individuals (excluding withinseason recaptures) that were captured across the 8 sample days, and dividing by total net hours (1 net hour = one 12-m net operated for 1 hour). Because Rufous Hummingbirds were not banded, I could not keep track of unique individuals; therefore, I used the total number of captures of hummingbirds to calculate capture rates for this species. All capture rates are reported as birds per 100 net hours.
Point Counts
I conducted point count surveys on four dates between June 2 and June 26, 2008. Point counts were conducted at five stations originally established by Stern in 1994 (Hagar and Stern, 2001) and subsequently surveyed in 1995, 1996, 2004, and 2007 . At each station, I recorded all birds observed within a 10-min count period, and estimated the distance to each bird. All surveys were conducted within 4 hours of sunrise on days without rain or wind.
I combined point count data from all 6 years of surveys to evaluate changes in the songbird community over time. I grouped the survey years into three phases: (1) 1994-96 comprised the "Baseline" survey phase, and represented the bird assemblage in an unmanaged, closed-canopy oak woodland; (2) 2004 and 2007 comprised the "Pre-treatment" survey phase, and also represented the bird assemblage in an unmanaged, closed-canopy oak woodland, but a decade after the first phase, and 1-4 years before implementation of restoration treatment; (3) 2008 represents the first breeding season after restoration treatment.
I calculated an index to abundance for commonly occurring species and all species combined (total abundance) by averaging the number of observations per point count station per visit within each year. I used analysis of variance (ANOVA) (Proc GLM in SAS ver. 9 .2) to compare abundance indices among the three phases of the study for total abundance and 13 species that were observed in at least 40 percent of the sample units (one sample unit was defined as one visit to one station within a year). Species that occurred less frequently were not amenable to ANOVA analysis because of the large number of null observations.
Results and Discussion
Mist-Netting
A cumulative total of 1,193 birds captured over 7 years of mist-netting (1998) (1999) (2000) (2001) (2002) represented 38 species. Many of these species experience high background levels of annual variation in population size. In addition, the response of some species to the initial disturbance caused by restoration activities may not accurately indicate longer term responses to resulting habitat changes. Therefore, multiple years of post-treatment data are needed to confirm responses of each species to restoration treatment. Furthermore, the results reported here represent data collected at a single restoration site. Replicated research in woodlands throughout the region is needed to confirm and better understand the mechanisms underlying the responses of all species to restoration treatments. For these reasons, the initial results reported below do not represent conclusive responses to restoration treatment for any species.
The capture rate of 14 species increased in 2008 after restoration treatment, relative to their 6-year pre-treatment average capture rates (table 1) . Four of these species (White-breasted Nuthatch, Cedar waxwing, Western Wood-pewee, and Lazuli Bunting) were among those identified by Hagar and Stern (2001) as likely to respond positively to removal of conifers to restore oak woodland. Capture rates of Spotted Towhee and Purple Finch, species that use oak woodlands as primary habitat in western Oregon (Hagar and Stern, 2001) , also increased after restoration treatment. Increases in capture rates of Spotted Towhees and Western Tanagers were corroborated by the point count data, which indicated increased abundance of these species after restoration treatment (see Point Count Surveys, below).
The total capture rate of all species combined decreased by almost 7 birds per 100 net hours after treatment. Among the species that had lower capture rates after treatment were understory-associated species, such as Bewick's Wren, Common Yellowthroat, Swainson's Thrush, Pacific Wren, and Orangecrowned Warbler (table 1) . The treatment involved mechanical activity that reduced understory cover. A decrease in the capture rate of Swainson's Thrush and Pacific Wren after treatment is consistent with the association of both species with dense, closed-canopy forest. In contrast, Bewick's Wren and Blackcapped Chickadee are oak-woodland associated species that were predicted to ultimately benefit from oak restoration (Hagar and Stern, 2001 ). However, the decreases in capture rates of these species from pre-to post-treatment may reflect an immediate negative response to disturbance. It is possible that these species will accrue a long-term benefit from restoration treatment after the stand recovers from the initial disturbance, so continued monitoring is recommended. An additional five species identified by Hagar and Stern (2001) as likely to respond positively to removal of conifers to restore oak woodland (Western Scrub Jay, House Wren, Cassin's Vireo, American Goldfinch and Downy Woodpecker) also contrarily had decreases in capture rates. However, unlike the Bewick's Wren and Black-capped Chickadee, these species were only irregularly captured during the pre-treatment seasons, and decreases from pre-to posttreatment were minor (less than 0.5 birds per 100 net hours; table 1). Therefore, although these species did not show an immediate positive response to treatment, I cannot conclude that they were negatively affected by the treatment because of the high variability in capture rates. 
Point Count Surveys
Species composition remained relatively stable throughout all phases of the study, based on point count data. The Spotted Towhee was the most abundant species during all phases of the study, comprising more than 11 percent of the individual birds observed ( fig. 1 ). Swainson's Thrush, Western Wood-pewee, and Orange-crowned Warbler also were among the four most abundant species recorded on point count surveys during the baseline (1994-96) and pre-treatment (2004, 2007) Total abundance of all species combined remained consistent across all phases of the study at an average of 15 birds per point count station per visit (table 3). The abundance of three species increased significantly from the baseline to the post-restoration phase (Pacific-slope Flycatcher, Spotted Towhee, and Western Tanager). The brush piles created by the restoration activities and the proliferation of blackberry following canopy opening probably favored habitat conditions for the Spotted Towhee. Tanagers also responded positively to the reduction in canopy density; this response is typical for the species (Hagar and others, 2004) . However, as a species associated with dense midstory cover, the Pacific-slope flycatcher was not expected to respond positively to canopy removal. A spike in the capture rate in 2007 (table 1) may have indicated a productive year for this species. The high abundance we observed in 2008 may have been a carryover effect from the previous year's productivity, rather than an effect of habitat change.
We did not find statistical evidence for a decrease in the abundance of any species. However, Hagar and Stern (2001) hypothesized that abundance of the Pacific Wren may decrease after restoration treatments to remove cover in oak woodlands, so we examined the response of this species. Although the abundance of Pacific Wrens was too low to support statistical analysis, we did observe a decrease in the number of observations from an average of 10.3 (range: 9-11) per year during the baseline period to 3 observations after restoration treatment in 2008. This trend is consistent with the capture data from mist-netting (table 1) . Hagar and Stern (2001) also hypothesized that three species that are strongly associated with oak woodlands, the White-breasted Nuthatch, Cassin's Vireo, and Lazuli Bunting may respond positively to treatments that reduce density of shade-tolerant tree species in oak woodlands. The abundance of all three of these species was too low to indicate any trends according to point count data, although capture rates from mist-net surveys indicated a positive response to the maple removal treatment by the White-breasted Nuthatch (table 1) . A stronger response may be observed over time, as habitat conditions that favor these species (such as large-diameter oak boles and limbs for nuthatches, and thriving oak canopy for the vireo and bunting) develop following restoration treatment. Table 3 . Average number (and standard error) of birds per visit per point count station (abundance index) for common species at Pigeon Butte.
[P is the probability associated with the test of the null hypothesis that abundance did not differ among phases of the study (ANOVA 
Conclusion
Overall, the results of the point counts and mist-netting indicate changes in the song-bird assemblage 1 year after restoration treatments in a portion of the Pigeon Butte woodland. Continued monitoring is necessary to distinguish the short-term effects of response to disturbance and annual variability in bird populations from longer term responses to habitat change. Continued surveys at Pigeon Butte, along with replicated surveys at other oak restoration projects in the Willamette Valley, are needed to provide information about bird response over expanded temporal and spatial scales.
